
1

Results from the STAR HI 
program and the status of the 

BES-II

Helen Caines - Yale - on behalf of the STAR Collaboration

Early morning drive 
to shift in an eerily 

quiet BNL
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Continued strong engagement
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Many new results published 
and presented at 

conferences in 2020 and 
2021

AUM Thesis Winner: Dr. Rafal Sikora AGH University of Science & Technology  
Renate W. Chasman Award: Maria Stefaniak WUT/ Subatech-IMT Atlantique

2020: 16 published (1 PRL, 7 PRC, 3 PLB, 
2 PRD, 1 Nature Physics, 1 JHEP, 1 CPC) 

2021: 10 published (2 PRL, 2 PRC, 4 PRD, 
1 NST, 1 CPC)

Under Journal review: 8 

Active GPCs: 37 (in collaboration review: 8) 
>85% (223/261) now on HEPData
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Two new institutions joined collaboration: Ramkrishna Mission Residency College, 
India (Amal Sarkar), University of Calabria & INFN-Cosenza (Salvatore Fazio) 



Helen Caines - PAC Meeting - June 2021 

Effects of Uranium deformation on flow

3
Phys. Rev. C 103 (2021) 64907
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In central events: v2(U+U)<v2(Au+Au) Dynamics beyond eccentricity affect 
flow in highly deformed Uraniumε2(U)/ε2(Au) ~ 1.5

Published on Wed
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Hints of critical fluctuations 
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Phys. Rev. Lett. 126 (2021) 92301
arXiv:2101.12413
arXiv:2105.14698

κ/σ2

BES-I result published in PRL
   Long paper also submitted

First measurement of net-proton 
C6/C2 at RHIC 

27 & 54.5: Consistent with zero
         200: Negative in more 
                    peripheral collisions

Suggestive of smooth cross-over at 
top RHIC energies
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Evolution through phase transition?

5Phys. Rev. C 103 (2021) 34908
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source �
⇣

Rout
Rside

⌘
�
�
R2

out �R2
side

�

variation in centrality 1% 8%

50 MeV/c variation in hmT i 2% 8%

varying fit range in |~q| < 1% 10%

varying track-merging cut 4% 10%

treatment of Coulomb e↵ects 1% 6%

TABLE II: Systematic error estimates for the quantities plot-
ted in figure 20. First row considers using a 2-12% selection
rather than a 0-10% selection. Track-merging cuts, fit-range
systematics and Coulomb e↵ects are discussed in [57, 78].

eventually partly understood as arising from a number
of independent complications that tend to reduce the ex-
tended lifetime signal [88]. Figure 20 suggests two other
reasons that the signal was not observed. Firstly, the en-
ergy of collisions at full RHIC energy (

p
sNN = 200 GeV)

may be too high above the threshold energy for QGP
formation; at such high energies, the extended lifetime
signal is predicted to disappear [59]. Secondly, the early
femtoscopic data from E895 and E866 was insu�ciently
precise to discern the peak revealed by higher-statistics
data. The STAR low energy measurements address this
second issue. Indeed, the entire STAR fixed-target pro-
gram is crucial for identifying such energy-dependent
trends.

VII. SUMMARY

In this first set of results from fixed-target running at
the STAR experiment, we report that the directed flow
(v1) of protons and ⇤ baryons is in line with existing sys-
tematics at higher and lower energy. This is important,
as the directed flow of baryons shows a sign change and a
minimum just above the present beam energy, while the
directed flow of net baryons shows a double sign change
[34, 37]. This is one of the most intriguing experimental
results from the BES-I program, as well as one of the
most di�cult for models to explain [19–25].
We have also presented the first measurements of az-

imuthal anisotropy of charged pions and neutral kaons
at these energies. Both show directed flow (v1) signals in
the direction opposite to that of the baryons, continuing
trends observed at higher energies. The di↵erence be-
tween ⇡+ and ⇡� flow becomes stronger as the collision
energy is reduced, perhaps signaling isospin or Coulomb
dynamics. Interestingly, within the relatively large sta-
tistical uncertainties, the data are consistent with con-
stituent quark scaling of elliptic flow, an e↵ect proposed
at much higher energies to arise from quark coalescence
in the QGP phase.
Femtoscopic radii with charged pions are consistent

with earlier measurements of energy, transverse mass,
and centrality systematics. Collisions at

p
sNN =

4.5 GeV are in the transition region between dynamics
dominated by stopping (producing an oblate source) and
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FIG. 20: Top: The di↵erence between the squared transverse
femtoscopic radii are plotted as a function of the collision en-
ergy for central collisions. Bottom: The energy dependence
of the ratio of the transverse radii. The centrality and mT

values for the high-statistics datasets are: HADES [76] (0-
10%, 349 MeV/c); STAR Fixed Target (this work) (0-10%,
303 MeV/c); STAR Collider [78] (0-10%, 326 MeV/c). The
values for the earlier measurements are: E895 [89] (0-11%,
330 MeV/c); E866 [66] (0-15%, 295 MeV/c). Only statis-
tical errors are indicated, as changing the centrality [58] or
transverse mass selection slightly will a↵ect Rout and Rside

similarly; see the text for a discussion of systematic e↵ects,
which can shift STAR datapoints, together, by ⇠ 5% (⇠ 20%)
for Rout/Rside (R2

out �R2
side).

STAR data in combination with HADES 
results  reveal long-sought peak in Rout/
Rside beam energy dependence 
  - Peak predicted if system evolves 
through 1st order phase transition 

  - more theory input needed

The magnitude and width of structure 
may allow an estimate of latent heat of 

QCD deconfinement transition

Publication of first FXT data - 4.5 GeV

First measurements of pion directed and elliptic 
flow also presented
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Strange-charm coalescence

6
arXiv:2101.11793

Coalescence of charm with 
strange quarks in the QGP

D±s/D0(Au+Au) > D±s/D0(PYTHIA) 

pT integrated ratio consistent with 
statistical hadronization model fit to 
strange and light hadron yields
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Models incorporating coalescence 
perform better but pT dependence 
still not well described 
   

Continuing to publish HFT data
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Vorticity of multi-strange hadrons

7Phys. Rev. Lett. 126 (2021) 162301

 –  <PΛ> (%) = 0.24 ± 0.03(stat) ± 0.03(syst)  
 –  <PΞ> (%) = 0.47 ± 0.10(stat) ± 0.23(syst)  
 –  <PΩ> (%) = 1.11 ± 0.87(stat) ± 1.97(syst)  
 

 

Results reinforce picture of 
system fluid vorticity

First measurement of global 
polarization of Ξ and Ω  

Results qualitatively captured 
by AMPT 
 

Ξ centrality trends consistent 
with expectations of vorticity 
dependence on impact 
parameter
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First inclusive fully corrected 
measurements 

Jet mass increases and 
broadens with pT 
   -   increased phase space 

PYTHIA-6 - reproduces data,  
PYTHIA-8 - too high 
HERWIG-7  - too low 
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SD-groomed mass closer to 
partonic mass

 Wide-angle non-perturbative 
radiation contributions are 

suppressed

Jet mass: non-perturbative contributions
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Update on the isobar analyses

9

Chiral Magnetic Effect (CME)	

05/17/2021 Rongrong Ma, SQM 2021 7 

•  CME: a novel phenomenon predicted in HI collisions 
–  Prerequisite: chiral imbalance+ magnetic field 
–  Consequence: charge separation along B field 

P.Tribedy, Aug 22, 2019, STAR Collaboration meeting, Krakow, Poland 20

Isobar Blind Analysis Flow Charts

Isobar-Unblind 
Analysis

Isobar-Blind 
Analysis

Run-by-run QA, full 
analysis

(One run is Ru/Zr)

Mock data
challenge

Test data 
structure

(27 GeV files)

Isobar-Mixed 
Analysis

QA, physics & code 
freezing

(One run is Ru+Zr)
Full analysis
(Ru and Zr 
separated)

Isobar
Blind-analysis

team 

Software & 
Calibration

team

Analysis
Blinding 

Committee

Processing…	

•  Experimental search is challenging due to overwhelming background à Isobar 

STAR, arXiv:1911.00596 
Cartoon: arXiv:2009.01230 

Analyses with frozen data underway
  expect to take at least 2 months

Members of CME 
group tested frozen 
code sensitivities 
with e-b-e AVFD 
 –n5/s indicates 
CME signal 
strength

Same sensitivity (inclusive Δγ, R2) 
when put on same footing 
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FIG. 6: EBE-AVFD calculations of v2 (a), ��112/v2 (c) and 112 (e) as functions of n5/s for 30-40% isobaric
collisions at

p
sNN = 200 GeV, together with the ratios of v2 (b), ��112/v2 (d) and 112 (f) between Ru+Ru and

Zr+Zr. In panels (f), the 2nd-order-polynomial fit function illustrates the rising trend starting from (0, 1).
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vs n5/s, extracted from panels (a) and (b), and the �
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ratios between
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starting from (0, 1).

the R(�S
0

2
) distribution by dividing the horizontal axis by the RMS of the N(�S2,shu✏ed) distribution, i.e., �S

0

2
=393

�S2/
p

h(�S2,shu✏ed)2i. Then �S
0

2
is further modified to correct for the event plane resolution, i.e., �S

00
= �S

0
/�Res,394

where �Res is the correction factor whose details can be found in Ref. [54]. Panels (a) and (b) show the R(�S
00

2
)395

distributions from EBE-AVFD events of 30-40% Ru+Ru and Zr+Zr collisions, respectively, at
p
sNN = 200 GeV with396

di↵erent n5/s inputs. As n5/s increases, the R(�S
00

2
) distribution becomes more concave, qualitatively representing397

more CME contributions. To quantify the distribution shape, the Gaussian width (�R2) is obtained by fitting each398

R(�S
00

2
) distribution with an inverse Gaussian function, and the resultant ��1

R2
values are listed in panel (c), increasing399

with n5/s. The �
�1

R2
ratios between Ru+Ru and Zr+Zr are shown in panel (d). According to Eq. 22, ��1

R2
is proportional400

13

0 0.1 0.2

{E
P}

2v

0

0.05

0.1
AVFD 30-40%

 Ru+Ru
 Zr+Zr

(a)

/s5n
0 0.1 0.2

Zr
+Z

r
{E

P}
2

/v
R

u+
R

u
{E

P}
2v

0.99

1

1.01
(b) 0 0.1 0.2

2v11
2

γ
Δ

0.006

0.008

0.01

AVFD 30-40%
 Ru+Ru
 Zr+Zr

(c)

/s5n
0 0.1 0.2

Zr
+Z

r
)

2v11
2

γ
Δ /(

R
u+

R
u

)
2v11

2
γ

Δ (

1

1.05

1.1

1.15 (d)

200 GeV

/s5n
0 0.1 0.2

  
11

2
κ

2

3

4

5

6

7 (e)AVFD 30-40%
 Ru+Ru
 Zr+Zr

/s5n
0 0.1 0.2

Zr
+Z

r
11

2
κ/

R
u+

R
u

11
2

κ

1

1.05

1.1

1.15 (f)

FIG. 6: EBE-AVFD calculations of v2 (a), ��112/v2 (c) and 112 (e) as functions of n5/s for 30-40% isobaric
collisions at

p
sNN = 200 GeV, together with the ratios of v2 (b), ��112/v2 (d) and 112 (f) between Ru+Ru and

Zr+Zr. In panels (f), the 2nd-order-polynomial fit function illustrates the rising trend starting from (0, 1).

Wed Apr  7 22:25:33 2021

1− 0 1

2
ψR

u+
R

u
R

1

1.02

1.04 (a)AVFD 30-40%
/s = 05n
/s = 0.05 5n

''
 SΔ

1− 0 1
2

ψZr
+Z

r
R

1

1.02

1.04 /s = 0.10 5n
/s = 0.20 5n

(b)

Wed Apr  7 22:24:22 2021

/s5n
0 0.1 0.2

  2 
ψ

R-1  
σ

0.14

0.16

AVFD 30-40%
Ru+Ru
Zr+Zr

(c)

/s5n
0 0.1 0.2

-1 )
2

ψ
RZr

+Z
r

 
σ

 / 
2

ψ
RR

u+
R

u
 

σ(

1

1.05
(d)

FIG. 7: Distributions of R(�S
00

2
) from EBE-AVFD events of 30-40% Ru+Ru (a) and Zr+Zr (b) at 200 GeV with

di↵erent n5/s inputs. Panel (c) lists ��1

R2
vs n5/s, extracted from panels (a) and (b), and the �

�1

R2
ratios between

Ru+Ru and Zr+Zr are shown in panel (d), where the 2nd-order-polynomial fit function shows the rising trend
starting from (0, 1).

the R(�S
0

2
) distribution by dividing the horizontal axis by the RMS of the N(�S2,shu✏ed) distribution, i.e., �S

0

2
=393

�S2/
p

h(�S2,shu✏ed)2i. Then �S
0

2
is further modified to correct for the event plane resolution, i.e., �S

00
= �S

0
/�Res,394

where �Res is the correction factor whose details can be found in Ref. [54]. Panels (a) and (b) show the R(�S
00

2
)395

distributions from EBE-AVFD events of 30-40% Ru+Ru and Zr+Zr collisions, respectively, at
p
sNN = 200 GeV with396

di↵erent n5/s inputs. As n5/s increases, the R(�S
00

2
) distribution becomes more concave, qualitatively representing397

more CME contributions. To quantify the distribution shape, the Gaussian width (�R2) is obtained by fitting each398

R(�S
00

2
) distribution with an inverse Gaussian function, and the resultant ��1

R2
values are listed in panel (c), increasing399

with n5/s. The �
�1

R2
ratios between Ru+Ru and Zr+Zr are shown in panel (d). According to Eq. 22, ��1

R2
is proportional400

Background Examples of blind analyses variables

- note not real data
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Priorities as run started

Run-21:

10

 STAR’s highest priorities was the completion of the BES-II

Table 2: Proposed Run-21 assuming 24-28 cryo-weeks, including an initial one week of cool-
down, one week for CeC, a one week set-up time for each collider energy and 0.5 days for each FXT
energy.

Single-Beam p
sNN Run Time Species Events Priority

Energy (GeV/nucleon) (GeV) (MinBias)
3.85 7.7 11-20 weeks Au+Au 100 M 1
3.85 3 (FXT) 3 days Au+Au 300 M 2
44.5 9.2 (FXT) 0.5 days Au+Au 50 M 2
70 11.5 (FXT) 0.5 days Au+Au 50 M 2
100 13.7 (FXT) 0.5 days Au+Au 50 M 2

100 200 1 week O+O 400 M 3200 M (central)
8.35 17.1 2.5 weeks Au+Au 250 M 3
3.85 3 (FXT) 3 weeks Au+Au 2 B 3

the lowest collider energy of the program. Collection of these events is our highest priority.18

However, if we assume optimistic, but not overly so, rates and up-times, and 28 cryo-weeks,19

we project that the opportunity to collect of other exciting datasets will arise.20

The second highest priority for Run-21 identified by the STAR collaboration is four short21

FXT runs; the collection of 300 M good events at p
sNN = 3 GeV and 50 M good events22

at each of three higher beam energies (psNN = 9.2, 11.5, and 13.7 GeV). In the second23

highest priority block shown in Table 2, the 3 GeV FXT system is listed first for reasons24

of logistics. It is recognized that the opportunity to address the topics listed as second and25

third priorities will be contingent on the performance of the 7.7 GeV collider run. Should26

it become evident early on in that run (in the first 4-8 weeks or so), that performance is27

exceeding the conservative projections and that time will be available at the end of Run-21,28

then it would beneficial to take three days to complete the 3 GeV FXT run. This system29

uses the same single beam energy (3.85 GeV) as the 7.7 GeV collider program, so there would30

be no time lost transitioning, and acquiring these data early in the run would give sufficient31

time to analyze the results of the ExpressStream production to investigate the acceptance32

and background for the search of the double-⇤ hypernucleus and determine the statistics33

necessary to pursue this physics topic (currently estimated to be three weeks). 300 M events34

at 3 GeV with the enhanced iTPC and eTOF coverage gives access to the proton higher35

moments, precision �, hypernuclei, and dilepton measurements. The higher p
sNN FXT data36

combined with the collider data at the same energy will provide full proton rapidity coverage37

allowing us to probe in detail the mechanisms of stopping at play in heavy-ion collisions. We38

estimate the total run time required to collect all these datasets is 6 days.39

The STAR collaboration also finds important scientific opportunities are presented by40

the collection of our third highest priority datasets:41

ii
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As you well know the pandemic hit

11

– Onsite shift persons reduced from 
four to two: Shift leader and detector 
operator; 

– Period coordinator and one shift 
crew now remote 

– Onsite cleaning per shift and 
minimal face-to-face interaction

– Continuous onsite Zoom feed for 
remote operations crews 

– All opts. meetings online and open 
to STAR collaboration 

Were even able to squeeze in 
giving a tour of STAR and 

sPHENIX during SQM

Run-21 undertaken with   
similar restrictions as 

Run-20b

Remote crew members 
took tasks very seriously 
despite being at home

Special thanks to Rosi Reed and 
Liz Mogavero - tons of work getting 

shifts filled and everyone on site
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7.7 GeV running

12

M. Kelsey RHIC & AGS Annual Users Meeting - June 8-11, 2021

Au+Au √sNN = 7.7 GeV Run

Technically challenging as beam quality deteriorates at 
low energies; Improved with electron cooling (LEReC) 

Very smooth running  
- Consistent fills with low backgrounds, very little downtime 

between fills 
- Run-averaged good event rate consistent with expected 

19-24 Hz from BUR; Exceeded expected rate at end of run
5
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Au+Au √sNN = 7.7 GeV Run

Technically challenging as beam quality deteriorates at 
low energies; Improved with electron cooling (LEReC) 

Very smooth running  
- Consistent fills with low backgrounds, very little downtime 

between fills 
- Run-averaged good event rate consistent with expected 

19-24 Hz from BUR; Exceeded expected rate at end of run
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Technically challenging - beam quality 
deteriorates at low energies Improved 
with LEReC  

Steady improvement over first few weeks

BUR assumed 19-24 Hz

Exceeded estimates by end of run 7.7 GeV run finished in 12.9 weeks 
(May 1)! (BUR estimate 11-20 
weeks) 

M. Kelsey RHIC & AGS Annual Users Meeting - June 8-11, 2021

Day

Au+Au √sNN = 7.7 GeV Run Cont.
From BUR: 11-20 weeks needed to reach 100 M event goal* 

7.7 GeV run finished in 12.9 weeks (May 1)! 

From ongoing weekly data QA: Data quality looks very stable 

6*Including 3 M from 2020

Machine 
optimization 

Latest 7 
day trend

Recorded

Complete 

Updated 
Calibrations 

Day: 12131

Weekly QA indicates data very good
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FXT and 17.3 GeV running

13

√sNN = 3 GeV: 
Smooth running with ～1.6 kHz good event rate with low backgrounds 
300 M good event goal reached in < 4 days w/ 12 hrs. for APEX (BUR: 3 days)

√sNN = 9.2/11.5/13.7 GeV: 
Smooth running with ～1.6 kHz good event rate with low backgrounds for higher 
energy FXT runs 
50 M good events/√sNN goal reached in ~0.5 day/√sNN (BUR: 0.5 days/√sNN) 

- Comparable downtime in between runs;  
- RHIC tuning for new single beam energies for √sNN = 9.2,11.5 

√sNN = 17.3 GeV: 
Very consistent fills with minimal downtime and low backgrounds; Average good 
event rate 450 Hz in latter half of run (improved with machine tuning w.r.t. first 
few days)  
256 M goal reached in 2 weeks (BUR: 2.5 weeks)

Very efficient data taking, BUR estimates spot on
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Proton acceptance comparisons
Improved acceptance from iTPC!

14

2018

2021

√sNN = 3 GeV FXT√sNN = 7.7 GeV

Similar 
acceptance 
to collider 
running 

Essential for 
proton 

fluctuations 
analyses 

Real data!
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O+O 200 GeV running

15

Long fills+low backgrounds,  

Average good event rate ~1.6(0.72) kHz for min. bias (central) triggers 

Minbias collected 402+125M (BUR:400 M). 125M with flipped field 

Central collected 212 M (BUR: 200M) 

Central triggers 
from high 
multiplicity in 

EPD or TPC/ToF  

×5(EPC) 

×10(TPC)] boost

Field flip will give excellent insight into systematics
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FXT at 3 GeV, high stats running

16

√sNN = 3 GeV restarted June 7  

Predict to collect 1.7 B good event goal after 3 calendar weeks (BUR: 2 B = 
1.7B+300M) 

Scheduled 
downtime

 ~1.3 B good events have been collected as of Mon morning

~400 M events left to collected (~52 Hrs of data collection time) 
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Time for one more run!?

17

d+Au at 200 GeV

30 DAQ hours of running 

100 M minimum-bias (MB)  

100 M high-multiplicity (0-10% HM)  

BBC rate: 10 KHz 

EPD (2.2<|η|<5.2) - event plane 
iTPC (|η|<1.5) - flow measurement

Reduce statistical uncertainty by x8 for 2-particle correlation method
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Summary
Collaboration remains energetic with publications from all PWG 
New faculty positions for STAR members 
Very successful run while adopting a safe covid-era shift paradigm 

Consistent and excellent RHIC performance 

18

✓✓✓
✓
✓
✓

Ongoing

(+100 M FF)

3

May 1
May 5
May 6
May 7
May 8

Date Completed

May 24
June 78.65

From 2020 BUR: 
Priority 1 program: Completed May 1 
Priority 2 programs: Completed May 8 
Priority 3 programs:  2/3 complete, project to finish last program by June  28 

Thanks for everyone who contributed to this run
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BACK UP

19
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Event statistics requirements: FXT
Table 8: Event statistics (in millions) needed in the fixed-target part of the BES-II program for
various observables.

p
sNN (GeV) 3.0 3.2 3.5 3.9 4.5 5.2 6.2 7.7

Single Beam Energy (GeV) 3.85 4.55 5.75 7.3 9.8 13.5 19.5 31.2
µB (MeV) 721 699 666 633 589 541 487 420
Rapidity yCM 1.06 1.13 1.25 1.37 1.52 1.68 1.87 2.10
Observables
Elliptic Flow (kaons) 300 150 80 40 20 40 60 80
Chiral Magnetic Effect 70 60 50 50 50 70 80 100
Directed Flow (protons) 20 30 35 45 50 60 70 90
Femtoscopy (tilt angle) 60 50 40 50 65 70 80 100
Net-Proton Kurtosis 36 50 75 125 200 400 950 NA
Multi-strange baryons 300 100 60 40 25 30 50 100
Hypertritons 200 100 80 50 50 60 70 100
Requested Number of Events 300 100 100 100 100 100 100 100

taking rate of 627 Hz. The rate of good events achieved for the 2018 run was 620 Hz,
consistent with these expectations. Although in the 2018 isobars run STAR achieved an
average of 15 hours per day of data taking, the average for the 27 GeV run was only 9 hours
because beam time was shared with Coherent electron Cooling (CeC) development.

For the 19.6 GeV collider system, we had two ways to project the expected performance.
First, we could extrapolate the performance from the 19.6 GeV run in 2011. In that run,
STAR achieved a good event rate of 100 Hz; the expected increase in luminosity was a factor
of 3.3, which suggested we should expect a good event rate of 330 Hz. Second, we could scale
the performance of the 27 GeV run from 2018; the performance of RHIC typically scales as
�
2 for accelerated beams; scaling the 620 Hz achieved for 27 GeV by (9.8/13.5)2 predicted

a good event rate of 335. The actual achieved rate in 2019 was 400 Hz as seen in Fig. 31a,
which exceeded expectations. The average data taking time per day for the 19.6 GeV run was
11 hours; this time this was below 15 hours per day due to time share with the development
of Low Energy RHIC electron Cooling (LEReC).

For the 14.6 GeV collider run, we could not really scale from the 2014 performance
because the achieved event rate of 17 Hz had been unusually low due to the challenge of
separating the good events from the background off of the small beam used while the Heavy
Flavor Tracker was installed in STAR. RHIC performance typically scales as �

3 for beams
below the nominal injection energy. Scaling the expected performance at 19.6 GeV of 335 Hz
by (7.3/9.8)3, we expected a good event rate of 138 HZ. Scaling the achieved performance at
19.6 GeV of 400 Hz, we expected a rate of 160 Hz. The achieved rate has now approached
160 Hz as seen in Fig. 31b. Thus the performance for 14.6 GeV is as expected.

For the projections for the newly proposed 16.7 GeV run, we have scaled the achieved
19.6 GeV performance of 400 Hz by (8.35/9.8)3 to project a good event rate of 245 Hz.

30

20
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Projecting 7.7 GeV run time 

7.7 GeV projections 11-20 (~28-CAD) weeks optimistic/pessimistic assumptions

Below injection energy luminosity scales well with 𝜸3 

Rescaled running times in agreement with lower-middle end of projections  

21

Table 6: Achieved and projected experiment performance criteria for the BES-II collider program.

Collision Energy (GeV) 7.7 9.2 11.5 14.6 17.1 19.6 27
Performance in BES-I 2010 NA 2010 2014 NA 2011 2011
Good Events (M) 4.3 NA 11.7 12.6 NA 36 70
Days running 19 NA 10 21 NA 9 8
Data Hours per day 11 NA 12 10 NA 9 10
Fill Length (min) 10 NA 20 60 NA 30 60
Good Event Rate (Hz) 7 NA 30 23 NA 100 190
Max DAQ Rate (Hz) 80 NA 140 1000 NA 500 1200
Performance in BES-II
(achieved) 2021 2020 2020 2019 2021 2019 2018
Required Number of Events 100 160 230 300 250 400 NA
Achieved Number of Events 2.9 162 235 324 TBD 582 560
fill length (min) 20-45 45 25 45 50 60 120
Good Event Rate (Hz) 16-24 33 80 170 265 400 620
Max DAQ rate (Hz) 400 700 550 800 1300 1800 2200
Data Hours per day 12-15 13 13 9 15 10 9
Projected number of weeks 11-20 8.5-14 7.6-10 5.5 2.5 4.5 NA
weeks to reach goals TBD 14.6 8.9 8.6 TBD 5.1 4.0

system; first developing the conduct of operation and then recording a robust data sample.1071

The lowest energy beam was selected for this first run in 2018 because at that time the1072

iTPC and eTOF upgrades were not yet available; the lowest beam energy means the lowest1073

center-of-mass boost, which meant that we could still complete the physics program even1074

without the detector upgrades. Additionally in 2018, fixed-target data were recorded with1075

a single beam energy of 26.5 GeV. Obviously, at such a high energy the detector upgrades1076

would be essential for the mid-rapidity physics program. However, the 26.5 GeV beam1077

was not requested by STAR; this beam was being using by the Coherent Electron Cooling1078

program, and STAR was simply taking these data parasitically. This parasitic data taking1079

gave us further opportunities to refine the fixed-target conduct of operations, which gave us1080

confidence going forward that we could average 100 M good events per day in fixed-target1081

mode. This is limited by the STAR data acquisition system and not by RHIC.1082

In 2019, eTOF detector upgrade system suffered damage at the start of the 14.6 GeV1083

collider system. This meant that it would be unavailable for any fixed-target energies taken1084

that year. It was felt that the physics program could still be achieved using the 4.59 GeV1085

beam, but that for all higher energies the loss of the eTOF system would compromise the1086

physics, so only modest samples at 5.75 and 31.2 GeV were taken.1087

The eTOF detector was repaired for 2020, and relatively early in the run it was decided1088

to spend one week cycling through the seven remaining fixed-target energies. Roughly one1089

day was spent at each energy. The conclusion from this series of fixed target energies is1090

40

*

*Running with significant LEReC
**Run-20b running 

***

Run-20b 7.7 GeV running over 
holiday weekend reached a 

good event rate average of 16 
Hz and up to 16 hours/day of 

data taking!!
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Executive summary II:
Second highest priority Run-21: 
 Au+Au √sNN = 3 GeV (FXT)    300 M minbias                                            3 days 
     - Net proton fluctuations, GCE vs GC, light hypernuclei production  

Au+Au √sNN = 9.2, 11.5, 13.7 GeV (FXT)    50 M minbias                          3 days 
     - Enhanced understanding of baryon stopping

22

Third highest priority Run-21: 
 O+O    √sNN = 200 GeV    400(200) M minbias(central)                            1 week 
    - Enhanced understanding of early conditions in small systems 

Au+Au √sNN = 17.1 GeV     250 M minbias                                           2.5 weeks 
    - Probe for CP via non-monotonic behavior of higher order moments 

Au+Au √sNN = 3 GeV (FXT)    2 B minbias                                               3 weeks 
     Higher order (>4) moments, ϕ flow, double-Λ  hypernuclei
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Citation rate/paper continues linear rise
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Time for one more run!
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Triangular flow v3 in d+Au 
and p+Au differs by a 
factor of ~3 between 
STAR and PHENIX. 
  


